Objectives-The production of magnesium is a well known source of both aliphatic and aromatic chlorinated compounds, among others the polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). The aim of this study was to establish whether increased concentrations of PCDDs and PCDFs could be found in the blood of workers in a magnesium plant. Methods-Blood plasma from 10 workers, employed at a magnesium plant for 10 to 36 years, and from a control group consisting of nine people who had no direct contact with the production were studied. Isomer specific analyses of PCDDs and PCDFs by means of high resolution gas chromatography/high resolution mass spectrometry (HRGCIHRMS) techniques were performed. Results-A significant increase was found in the concentrations of some of the congeners, mainly PCDFs, in the workers compared with the control group. Octachlorodibenzofuran (OCDF) is the congener that most strongly correlates with occupational exposure in the magnesium plant. Low concentrations of 1,2,3,4,6,8,9-heptachlorodibenzofuran were found in seven of the workers. Such isomers-that is, not 2,3,7,8-substitutedare 
Environmental and human exposure to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) have been the focus of much attention in recent years. These compounds are persistent and highly lipophilic, they bioaccumulate in the food chain and have been shown to cause a variety of biological and toxic responses including immunological and hepatic toxicity, carcinogenic, and teratogenic effects. 2 Humans are exposed through the intake of food such as fish, meat, and dairy products, resulting in a general background of PCDDs and PCDFs that is fairly similar throughout the industrialised world. Higher concentrations of 2,3,4,7,8-pentachlorodibenzofuran are found in Europe than in the United States.3 Human concentrations of PCDDs and PCDFs and major exposure routes are summarised in a review by Ryan and Norstrom. People exposed accidentally or occupationally often display a different congener pattern than those exposed indirectly through the environment and such exposure can be identified through the analysis of PCDDs and PCDFs in blood. Several occupational studies are focused on exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a congener associated with the production and use of phenoxy herbicides. For example, high concentrations of TCDD among chemical workers involved in the production of 2,4,5-trichlorophenol have been reported by Patterson et al. 5 In a Swedish study of production workers who had been employed in a factory producing chlorophenoxy herbicides and chlorophenols, increased concentrations of TCDD and 1 ,2,3,7,8-pentachlorodibenzop-dioxin were found 16 to 21 years after the workers had left their employment.6 Furthermore a study presented by Papke et al. 7 showed that various kinds of occupational exposure to PCDDs and PCDFs-for example, in the production of tri and pentachlorophenol and at a metal reclamation plant-resulted in a characteristic congener pattern in blood. 21 to 52 ng/g whole bloo4 chosen for this study. They were either in the electrolytic or the chlo sector of the plant. Several of the world experienced episodes of exposure to gas resulting in symptoms ranging fror discomfort to respiratory impairment ing acute medical treatment. Ten N employed for 10 to 36 years, and a group consisting of nine people working same plant were studied. As far as exposure is concerned, the only di between the control group and the wc the fact that the workers are directly i in the production process. There wi women in each group. The mean age time of the study was 48 in the group ( 15 16 ers and 38 in the control group. A general medical examination of all subjects did not show any clinical signs indicative of exposure to polychlorinated substances.
Blood samples were taken from the 19 people, who had been on a low fat diet for 12 hours. Standard hospital procedure was used in the separation of the blood plasma. The plasma bags were immediately frozen and stored at -20'C. All samples were coded before they were shipped to the analysing laboratory and were analysed blind. The samples were taken in late 1988 and analysed in early 1989.
ANALYTICAL METHOD
The analytical method for the determination of trace concentrations of PCDDs and PCDFs is described elsewhere.'5 16 In short, the procedure involves extraction by means of organic solvents, cleaning up with various adsorbents, and a gravimetric determination of the lipid content. After cleaning up, the extracts were analysed by means of high resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS) techniques. The mass spectrometric data was obtained by means of a VG-250S high resolution MS operating in electron impact mode. In a quality control study between laboratories organised by the World Health Organisation, in which the concentration range was the same as that of the present study, this analytical method yielded an average coefficient of variation for reproducibility and repeatability of 6-7%. 17
Urinatlon STATISTICAL ANALYSIS kers had Principal component analysis (PCA), deschlorine cribed in detail by Wold et al,'8 is a projection n minor method in which the included variables are requir-combined into a few underlying descriptive workers, dimensions, which makes it possible to study control the systematic variation present in a data ig at the matrix. The PCA gives an overview of the dioxin dominating patterns and major trends in the Difference data. The analysis results in two complemen-)rkers is tary plots, a score plot and a loading plot. The involved relation between the objects (samples) is ere two shown on the score plot. The loading plot e at the shows the extent to which each variable con-)f work-tributes to the object separation. Variables located far from zero have a large influence. Cross validation's was used to determine the n blood number of significant principal components. Differences between the two groups were P* value also tested with non-parametric statistics (Mann-Whitney U test). Results and discussion The concentrations of the 2,3,7,8-substituted congeners it samples were used as variables They were logarithmically transfix 1). Two principal components we and together they account for 82 of the variance in the data set. As score plot (fig 2(A) ), where the f component is plotted against the workers and the controls foi groups. The corresponding load f chlorinated 1,2,3,4,6,7,8-HpCDD (variable number 15) nd 0 chloro and OCDD (16) which are located close to raised, com-zero, were to some extent active in this separaLe concentra-tion. The chlorinated dibenzofurans, ners are also 1,2,3,4,7,8 and 1,2,3,6,7,8-HxCDF (4 and 5), and OCDD, 1,2,3,4,6,7,8-HpCDF (7) and particularly ows a signifi-OCDF (9) contribute the most strongly to the cents between separation of the groups. These isomers also account for the most significant difference analysis was between the two groups according to the )g/g lipid) of Mann-Whitney U test (table 1) . The OCDF d in seven of is a minor component (often not detected) in not 2,3,7,8-human samples. In this group of workers, the :ed in human concentration of OCDF in the blood plasma was in the range of , with a mean of the workers 216 pg/g lipid. These are unusually high conand 85 pg/g centrations in human samples and OCDF is tion between undoubtedly the congener that most strongly )duction and correlates to occupational exposure in the 1 shows the magnesium plant. Analyses of indoor air from )tted against the plant show that OCDF accounts for it. The ratio 10%-40% of the total amount of PCDDs and zs in the con-PCDFs calculated as TCDD equivalents. ie correlation
Studies have shown that crabs in this area be 0-84. The contain very high concentrations of PCDFs )Ds of the and PCDDs'' and there are restrictions on the group had a consumption of seafood from this area. The from people worker A in the score plot, declared a very )r accidental high consumption of crabs (50 crabs a year) ntrations are from the coastal area near the magnesium IF concentra-plant. As we were not sure to what extent this high consumption of crabs reflects the concen-16 detected trations of PCDFs and PCDDs in this pera the blood son's blood plasma, he was excluded from in the PCA. table 1. Worker A has been with the company 6rmed (table for 22 years and has primarily been doing re significant maintenance work in the electrolytic sector. % (61 + 21) Table 2 shows the concentrations of PCDFs shown in the and PCDDs for worker A and an additional first principal person who also eats a lot of crabs from this second, the area (a declared intake of 40 crabs a year) but rm separate who has no connection at all with the magneling plot (fig sium plant. The blood sample from this crab consumer was analysed in the same manner as the other samples but at a later time. His concentrations of several of the congeners are higher than the mean concentrations of both the workers and the control group, resulting in 101 TCDD equivalents in his blood fat. This indicates that a high consumption of crabs from this area may cause increased concentrations of PCDFs and PCDDs. 
